tracting the oil from the seed with a homogenous mixed solvent composed of hexane, acetone, and water. These findings have since been confirmed by Hill (1964) with the chick and by Gyorgy (1963) using the rat as the experimental animal. Since these meals contained only traces of gossypol (0.00 percent free and 0.02 percent total), the likelihood that the observed change was due to reduced gossypol toxicity was very remote (Lyman et al., 1953; Heywang and Bird, 1955; and Couch et al, 1955) . Associated with the increased growth due to heat or solvent treatment of the seed was an accompanying disappearance of a slight gumming around the beaks of the chicks which were fed the untreated meals.
It is the purpose of this paper to report additional efforts to determine the effects of heat and the mixed solvent on the nutritional value of the meal and if the two treatments were inactivating or enabling a deleterious material to be removed from the seed or if the change which was taking place was a physical change in the complex structure of the meal which made the constituents of the meal more available to the chick.
METHODS

Preparation of the seed for extraction.
Nine hundred pounds of open pollinated glandless cottonseed which had had all of the fiber except the one-fourth inch linters removed were obtained for this study. The intact seed was stored in a cooler (ca. 5°C.) until prepared for extraction of the oil.
The seed was prepared for extraction of the oil in the following manner. The hulls were cracked and the meats liberated by passing the seed through a burr mill set so that cracking of the seed was accomplished with very little pulverizing. Separation of the meats from the hull and fiber was accomplished by shaking the material through four, eight, and sixteen mesh screens which were separately attached to a mechanical laboratory shaker. The shaking process was repeated until the maximum amount of lint was removed (five passes through the four and eight mesh screens and eight passes through the sixteen mesh screen). The almost lint-free meats were then ground through a Wiley mill with a one-eighth inch screen to simulate the rolling and flaking process used in the commercial manufacture of most oil seed meals. The meats were then considered to be ready for extraction of the oil or for additional treatment.
Extraction method. All extractions were carried out in three or five gallon wide mouth glass jars with a solvent to flakes ratio of two and one-half to one. The solvent was added to the flakes by pouring it directly on the flakes and mixing for about thirty seconds by shaking. After an initial soaking period of from one to six hours, the miscella and what fine particles which would not settle out were siphoned off and fresh solvent added. Twelve solvent passes were made in the extraction of the oil from each batch of seed. Fresh solvent was used with six of the twelve solvent passes with the mixed solvent system. The original thirty-three and one-half percent hexane, sixty-four and one-half percent acetone and two percent water (volume for volume) ratio was restored by adding water to the recovered solvent until the two phases separated and then adding acetone until the two phase system disappeared. The reclaimed hexane from those meats which were extracted only with hexane was used repeatedly.
After the miscella and fine particles were siphoned off of the meats, the fine particles of cottonseed, which would not settle, were removed by filtering the extract through a Buchner funnel under reduced pressure with coarse filter paper (Whatman Number 1) and a layer of Hy-flo Super Cel.
The main portion of the solvent was removed from the extract in a large capacity vacuum distillation unit (1 liter of water per hour capacity) in an atmosphere of dry nitrogen which was permitted to bubble through the material at all times. Heat was supplied to the flask containing the solvent and extract until the major portion of the solvent was removed and the temperature began to rise in the flask. Heat was then removed and the remainder of the solvent was removed under reduced pressure without heat. The extracts were considered to be solvent free when the odor of hexane or acetone could no longer be detected. The extracts were then thoroughly purged with nitrogen and stored in a freezer.
Meal desolventization. All meals were desolventized after extraction by spreading on galvanized metal trays at a thickness of about one-half inch. The meals remained spread on the trays for twenty-four hours at which time only slight traces of the solvent could be detected. To facilitate complete removal of the solvent, the meals were dried for twenty-four hours in an unheated vacuum drying oven, then in a forced draft drying oven for twenty-four hours. The odor of the solvents could no longer be detected and only traces of moisture remained in the meal. The meals were then stored in metal cans in a refrigerator before being mixed with the other components of the ration.
Meat and meal treatment. Treatment of the meats or meals with water was accomplished by spraying while mixing in a twenty quart Hobart mixer with a quantity calculated to give a total moisture content of fourteen and one-half percent in the finished product. Where the meals were first prepared by extraction with hexane and then extracted with the H. A. W. solvent system, the meals were completely prepared by the first process before they were extracted with the second solvent.
Heating of the meats or meals in the first two experiments was carried out in porcelain trays at a depth of about two inches in a conventional convection type oven for ten minutes at a temperature of 82°C. and increasing the temperature of the oven to 106°C. for a period of twenty minutes, giving a total heating time of thirty minutes. During the heating period, the meals were periodically stirred to facilitate even heat distribution.
Heating the meals and then spraying with water was accomplished by taking the heated meals from the oven, spraying with water while being mixed in the Hobart mixer, and then placing the meals back in the oven for the designated period of time.
The meals in the third trial were autoclaved at a thickness of about one inch for various lengths of time, removed from the autoclave and allowed to cool, and then placed in the forced draft drying oven for an additional twenty-four hours. EXPERIMENTAL Two replications of ten straight run commercial broiler type chicks, which were grouped and equally distributed by weight, were used for testing each of the fractions. The chicks were housed in battery type brooders with wire floor at one day of age with feed and water supplied ad libitum.
The first series of meals and extracts were tested in commercial type, twenty-one percent protein rations which were isonitrogenous. These rations were made isonitrogenous by formulating on the basis of the meal which contained the lowest amount of protein (nitrogen X 6.25) and adding cellulose to the other rations to bring the percent to one-hundred. These rations were fed from the first day through the second week. Because it was desirable to test the contents of the extract and meal for the presence of growth reducing materials, the rations were not isocaloric and the extracted components were recombined with the meals at the level which they were removed. The composition of a typical ration fed in the first experiment is shown on Table 1 .
The second and third experiments were designed to test the meals and extracts separately. Because of limited quantities of meal, the meals and extracts were fed in low protein assay type rations (Heiman et al., 1939) after the chicks were fed for ten days on a low protein standardization ration. The standardization ration was necessary to deplete the chicks of most of their yolk store and to expedite a more uniform selection of chicks. In the assay, the meal under investigation or commercial soybean meal supplied six percent protein and the remainder of the ration also supplied six percent. These rations were isonitrogenous at a protein level of twelve percent. Equal weights of either corn oil or extract were supplied to the rations. The composition of the standardization and the assay rations are shown on Table 2 .
RESULTS AND DISCUSSION
Results of the feeding trial with the various fractions prepared in experiment 1 are shown on Table 3 with the fraction preparation and meal treatment identified.
The results of this experiment indicate that higher quality glandless cottonseed meals were produced by extraction with the mixed solvent system than were obtained by extraction with hexane (Fraction 1 vs. Fraction 5). However, mild heat treatment of the hexane extracted meal (Fraction 1 vs. Fractions 5 and 6) produced a meal of almost the same value. The recombination of hexane extract or mixed-solvent extract with the meals from which they were removed and of the hexane extract with the hexane-acetone-water extracted meal (Fractions 2 and 3 vs. Fraction 4) caused equal depressions of growth. The amount of heat applied to the hexane extracted meal in the absence of additional water after processing (Fraction 5 vs. Fraction 6) did not alleviate the gumming around the beak or enable the meal to produce greater gains.
A second extraction with the mixed solvent after extraction with hexane produced meals which produced gains equal to those produced by meals prepared by initial extraction with the mixed solvent (Fraction 1 vs. Fractions 7 and 8). The addition of the small amount of extract which was removed with the second extraction gave a small but statistically insignificant gain response over those from the meal which had been extracted with the two solvent systems (Fraction 7 vs. Fraction 8). This is the opposite effect that would be expected if some deleterious material were being re-moved from the meal with the second extraction.
The fraction preparations and results of trial 2 in which different preparations of meals and extracts were fed separately are shown on Table 4 .
The untreated extracts from glandless seed which were produced by both the hexane-acetone-water extraction process and hexane extraction were equal to corn oil in nutritional value. This observation sug- 3.10 + 0.35°d 6.20 + 0.10** 6.50 + 0.40" 3.40 + 0.10° 3.70 + 0.15° 6.60 + 0.20" 6.10 + 0.25" b 5.35 + 0.25 b 2.40 + 0.10" 6.90 + 0.15" 6.60 + 0.25" 6.40 + 0.20" 1 Means followed by the same letter are not significantly different (P<0.05), Duncan (1955) . 2 Average gain over a 14 day test period. 3 Hexane-acetone-water solvent system. 1 Commercial 50% soybean meal used as the main source of protein. 5 Heated at 82°C. for 10 min. and at 106°C. for 20 min. 6 12% water added. 7 Heated at 82°C. for 10 min., 12% boiling water added, heated 20 min. at 106°C. Downloaded from https://academic.oup.com/ps/article-abstract/44/3/652/1533013 by guest on 18 October 2019 gests that the factor under investigation is not removed from the meats in the extraction process or is unstable after being extracted.
The nutritional value of the glandless meats after extraction with hexane was unchanged when the meal was heated with twelve percent water for a period of thirty minutes (Fraction 4 vs. Fraction 5). The nutritional value of the meal was significantly increased when the meats were heated with twelve percent water prior to extraction (Fractions 4 and S vs. Fraction 8) and an additional gain was obtained when the meats were first heated and then twelve percent boiling water was added to the meats (Fraction 8 vs. Fraction 11). No gumming around the beaks of the chicks fed any of these fraction was observed.
As an additional experiment to evaluate the effect of heat on the nutritional value of glandless cottonseed meals, samples of the original meals which were increased in nutritional value after mild heat treatment or extraction with the H. A. W. solvent system were autoclaved for varying lengths of time at fifteen pounds pressure. The results of this experiment are shown on Table S and indicate that in all cases where the meal was autoclaved for two minutes there was no beneficial change in the nutritional value of the meal but after five minutes autoclaving there were slight decreases in the value of the hexane extracted meals and no change in the mixed solvent extracted meals. After twenty minutes autoclaving, the nutritional value of the meals decreased.
No gumming around the beaks of the chicks was observed when they were fed unheated hexane extracted meals in low protein assay type rations. Therefore, the observed moist heat and mixed solvent effects appear to be due to some other alteration in the composition or structure of the meal which is independent of the gumming effect. These results are in agreement with those of Lyman et al. (1953) who showed that the nutritional value of protein in cottonseed meal varies considerably as the result of processing variables and that these processing variables can to a large extent determine the nutritional value of cottonseed meal.
These data establish that mixed solvent extracts and hexane extracts obtained from cottonseed meats which were heated prior to extraction do not contain an active growth depressing factor.
The most logical hypothesis to explain the observed changes is that water in the presence of heat or a polar solvent such as a mixture of hexane-acetone-water causes changes in the physical nature of the meal. These treatments may induce the protein of the meal to change in physical structure without destruction or binding of the amino acids, thereby enabling the chick to make more efficient use of the protein. This effect has been proposed to occur in glanded cottonseed meals, but because of the presence of gossypol in the meals, the magnitude of the alteration could not be clearly distinguished from that of the gossypol binding effect (Lyman, 1963) .
SUMMARY
The beneficial value of extracting glandless cottonseed with a homogenous hexaneacetone-water solvent system or mildly heating the meats and extracting with hexane has been investigated. The meals and extracts were evaluated by two week chick growth trials.
Recombination of the extracts with the meals from which they were removed or with soybean meal showed no indication that the observed effect was due to the removal of a deleterious material from the seed.
Increased nutritive value of the meals was obtained by mildly heating the meats with cool water (ca. 20°C.) prior to extraction, but meals of greater nutritional value were obtained by first mildly heating the meats (82°C. for 10 minutes), adding boiling water and heating at a higher temperature (106°C. for 20 minutes). Equally high quality meals were produced by first extracting the seed with hexane followed by extraction with the mixed solvent.
FOOD SCIENCE AND TECHNOLOGY CONGRESS
The second International Congress of Food Science and Technology will be held in Warsaw, Poland, August 22-27, 1966 . A comprehensive program has been prepared which covers a wide variety of topics of great interest to food scientists, technologists, and engineers throughout the world.
The plenary sessions will be devoted to lectures by outstanding scientists as well as to the discussion of plans for the formation of an international union (Continued Attempts to increase the nutritional value of the meals by heating in the presence of water, dry heating and heating in an autoclave failed to produce the beneficial response.
NEWS AND NOTES
W NOTES of national scientific and technical societies or bodies which deal with food science and technology. Programs of action to be sponsored by such a union will also be discussed. Other sessions will be devoted to discussing important scientific topics of international interest:
(1) New Protein Sources and Their Utilization (2) Chemical and Biochemical Changes in Food (3) Modern Technological Aspects of Food Processing, Manufacture and Preservation (4) Advances in Food Engineering on page 678)
